Introduction and Description of the Problem
The construction industry has an enormous and continuous impact on the environment (Yeang, 1999) . Research carried out indicates that construction waste makes up 45% to 65% of waste dumped in landfills (Shi & Xie, 2009) . In Chile, 37% of solid waste generated in metropolitan regions is from construction (Martínez, 2003) .
The economic and environmental benefits of C&D waste management are enormous (Tam, Tam, Chan, & Ng, 2006 ). An affective C&DW management plan, whether it be at project or government level, could contribute significantly to reducing the amount of construction and demolition waste. It may result in a saving of up to 50% in waste handling costs, a 15% reduction in volume of the waste generated before recycling and a 43% reduction in the waste taken to landfills (Mcdonald & Smithers, 1998) .
Most research has revealed that there are many environmental, social and economic benefits associated with a C&DW management plan (Tam, Shen, & Tam, 2007) . These will lead to an improved public image, achieve greater construction productivity, save time and improve industrial security (Tam et al., 2007) . However, C&DW management has so far not been successfully applied and further work must be carried out in order to achieve satisfactory standards (Tam, 2008) .
C&DW management plans implemented in the construction phase have been proposed by authors such as (Mcdonald & Smithers, 1998) , (McGrath, 2001) , (Chen, Li, & Wong, 2002) and (Shen, Tam, Tam, & Drew, 2004) . Furthermore, (Cha, Kim, & Han, 2009 ) have proposed using a tool to evaluate waste management prior to the construction phase. However, there are few methodologies that offer guidelines on how to create a C&DW management plan (Shen et al., 2004 ) that incorporates actions beyond the management of waste once it has been generated on the building site.
This article describes a methodology for creating C&DW management plans for any type of project. It incorporates a hierarchy to avoid, reduce, reuse and recycle waste that was proposed by (Deng, Liu, & Hao, 2008) , (Shen et al., 2004) and (Kartam, Al-Mutairi, Al-Ghusain, & Al-Humoud, 2004) . The results correspond to the implementation of this methodology in a construction project in Chile.
Literature review
The literature review concentrated on four areas: sources, causes and C&DW procedures; C&DW plans; innovation processes; and techniques and methodologies of creativity and productive thinking. The findings from each of the areas are described below.
Sources, causes and C&DW procedures
The management procedures were classified and connected to each of the sources and causes of C&DW generation. Each procedure fulfilled the requirement to avoid, reduce, reuse and recycle C&DW (See Annex A). (Mcdonald & Smithers, 1998 ) implemented a C&DW management plan which aimed to reduce, reuse and/or recycle C&DW. The main strategies used to achieve these objectives were: to prepare an inventory of materials that were likely to be discarded and evaluate their potential for reuse and recycling; to evaluate the costs of disposing the waste; and to develop a practical method to collect waste and employ recycled materials in temporary projects. (McGrath, 2001) propose using Site Methodology software to audit, reduce and target waste (SMARTWaste). The aim is to identify waste generation sources and quantify the amount of waste produced. The principle of the system is to increase the recovery and reuse of materials and reduce waste generation in future sites by employing audited refuse as a point of reference of waste control (Shen et al., 2004) and (Aldana & Serpell, 2012) . (Chen et al., 2002) has come up with a scheme called the Incentive Reward Program (IRP) which is based on a bar code system. The program quantifies, in real time, the exchange of materials between the warehouse and the work crews to evaluate the level of use of the materials and reward workers according to how much they manage to save. (Shen et al., 2004) propose the Waste Management Mapping Model (WMMM), which incorporates the good waste management practices employed in Hong Kong. The model proposes introducing a C&DW management plan prior to beginning construction activities, specifying the resources necessary for the management of waste and for mitigation of the waste generated through the timely identification of material that could be reused (Aldana & Serpell, 2012) . (Cha et al., 2009 ) suggest utilizing the Waste Management Performance Assessment Tool (WMPAT) application which was designed on Excel and uses Visual Basic. This application facilitates the analysis of a project's construction processes to give an indication of the performance of waste management and recommend procedures to make it easier. (Cheng & Ma, 2013 ) present a Building Information Modeling (BIM) system developed for the estimation and planning of demolition and renovation waste. The system can extract material and volume information through the BIM model and integrate the information for detailed waste estimation and planning. Information on materials can be extracted and provided to recyclers before demolition or renovation to make the recycling stage more cooperative and more efficient. Truck requirements and a waste disposal charging fee for different waste facilities can also be predicted through the system. (Wu, Ann, Shen, & Liu, 2014) give an analysis on the methodologies used to quantify C&DW at a project and regional level. They conclude that it is not possible to define one method alone to quantify waste and propose employing a decision tree to select the most appropriate method according to the situation.
C&DW plans

Innovation processes
A methodology was proposed to create new products, services, organizational methods and processes with clear steps and objectives that aimed to maximize creative impulse in order to generate innovative results. This methodology was created by a leading design and innovation consulting company in the United States, IDEO, that has established five steps to resolve a problem creatively (see Figure 1 ): 
Techniques and methodologies for creativity and productive thinking
Techniques designed to stimulate creativity were investigated and the following ideas were found: (1) Brainstorming, (2) Substitute, Combine, Adapt, Magnify, Put to other uses, Eliminate, Rearrange (SCAMPER), (3) Random Stimulation, (4) Nominal Group Technique, (5) Analogies, (6) Masks, (7) Ideas Box, (8) Mental Maps, (9) Creative Collage and (10) The Desire Diamond.
Regarding productive thinking, the Galeforce methodology stands out. Personal productive thinking is based on a platform of skills on which innovative culture is constructed and encourages people to think beyond the traditional and the predictable (Hurson, 2010) . This is the common denominator in the profile of professionals in the construction sector. The idea that creativity is a gift possessed only by certain individuals has been silenced by the large quantity of training programs throughout the world that aim to stimulate creative thinking skills (Fleith, Renzulli, & Westberg, 2002) .
The theory of productive thinking was formulated for the first time by Erich Fromm. Fromm described thinking as considering a particular question and carefully using objectivity, along with respect for the problem as a whole. Thinking is a habit and most people struggle when trying to focus on productivity in their work. However, no matter the amount of cutting-edge technology and tools one uses, the right way to think and act must begin with one's self. Otherwise, it will not be possible to effectively apply these tools to become productive (Wertheimer & Wertheimer, 1991) .
Methodology
Based on the literature review from the previous chapter, a methodology was designed to create C&DW management plans (see Figure 2 ). These plans are based on the innovation process used by IDEO, as well as on the Galeforce methodology and on developments proposed by the authors themselves through a combination of creative techniques and productive thinking. Step 1: Identify an opportunity through the full understanding of a problem that needs to be addressed. In order to correctly define the opportunity, it is important to observe the problem and limit it. This will avoid digressions in the following stages of the proposed methodological process. In this stage the end result is the "creative focus", which is the center of the innovation.
Step 2: Generate ideas. It has been said that the best way to have a god idea is by having many ideas (T Kelley, Littman, & Peters, n.d.) (Tom Kelley, 2007) . Therefore, a dynamic is developed to generate ideas and to promote the discovery of new solutions for the creative focus based on established concepts. For example, a situation is created and a person is placed in the position of his boss. A round of questions from the "5 whys" technique is employed and the workers are involved to find out the root cause of the creative focus. Words are written on sheets of paper which are then deposited in a bag. Each of the participants takes out a word which is then written on a board. Next, each participant begins to construct sentences using the words put up on the board (these words do not necessarily have to have any topical connection to the creative focus). To help individual creative thinking, certain C&DW management procedures found in the literature (shown in Annex A) are taken as a starting point. Through creative techniques, this step significantly increases the probability that the ideas implemented turn out to be successful. Each of the participants generates a large quantity of ideas that go through three stages. In the first stage, people propose ideas that are not very creative. In the second stage, people are motivated to generate ideas that are more robust and creative than the first stage. Finally, in the third stage, better quality ideas than those from the first two stages are put forward.
Step 3: Evaluate ideas. In order to filter ideas, personal surveys are completed by the participants of the project. In these surveys, each person must grade the ideas they developed in the previous stage based on their effectiveness if implemented and the estimated cost of implementation. Subsequently, both factors are multiplied and the results of each participant are added together to obtain a final value for each idea and a ranking of ideas (see Annex B). This stage is carried out individually so that no one in the group is tempted by anyone else to alter their results.
Step 4: Develop prototypes. After the ideas have been evaluated in the previous step, they can be ranked in terms of their importance. Subsequently, groups are created which must come up with a pre-design of the idea selected from the ranking to present to the team so that it can be evaluated and improved. Groups may add ideas that were NOT selected in Step 3 (ideas of support) to develop a proposal of greater value than the initial one. Important details are recorded on a form so that they are available when the idea is being implemented on site (see Annex C).
Step 5: Implement the innovation. With the plan designed, discussed and approved, the next stage is to implement it on site. To achieve this, a measurement instrument has been developed to indicate the effectiveness of the C&DW management plan. An index is obtained for each week of the implementation process to help monitor the performance of the ideas when implemented on site. In this way, any digressions can be corrected or the idea can be discontinued if not successful in the short term (see Annex D). This evaluation should be carried out by going over the different areas of the project to evaluate the conditions under which the ideas are being implemented. The evaluation needs to be done at different times and on different days in the evaluated weeks so that the workers are not aware of the assessor's routine and so do not behave in an unrepresentative way. . The project team consists of 12 people: six civil engineers, four builders, site managers, foremen, a program and budget manager and a quality control manager. The results of each of the stages of the methodology are as follows:
Step 1: The following question was defined as the "creative focus": How can C&DW be avoided, reduced, reused and/or recycled before it is taken to the landfill? This focus was chosen after a study carried out by the construction company found that it was producing a large quantity of C&DW which was having a significant impact on costs. Approximately 20% of materials bought for construction projects end up as waste, which increases direct costs by up to 50% (in some cases).
Step 2: Initially, some supporting ideas (Annex A) were given to the project team. However, due to there being few ideas, the Galeforce and other methodologies presented in previous chapters were applied. This required each participant to come up with 50 ideas, which gave a total of 600 proposals after only 20 minutes of work. Subsequently, each of the participants selected their 5 best ideas which were then grouped to give a final list of 28 ideas.
Step 3: The survey used to filter the ideas was sent to the 12 participants, of which 9 responded in the established time. From the results, the 11 best ideas in terms of cost and effectiveness were selected. The ideas chosen were: (1) 5 minutes of recycling, (2) modulation of materials, (3) fixed and mobile waste storage centers, (4) reuse of concrete through the use of pre-fabricated components on site, (5) modulation of formwork panels and wood according to their uses, (6) installation of material cutting centers, (7) replacement of certain materials through the recycling of other waste materials, (8) use of metal meshes in concrete joints, (9) provisional installations made with regulated materials of standard sizes that are easy to reuse, (10) incorporation of clauses in sub-contracts that facilitate the reduction of C&DW, and (11) new techniques for utilizing products that avoid waste.
Step 4: The results of the previous step were presented to the whole project team. To develop the prototypes, the team was divided into two groups and the 11 ideas were distributed between them. At the end of the session, each team presented their ideas using the form found in Annex C, and in no more than 5 minutes. Finally, 11 ideas were selected to implement in the project. Detailed logistics required for their implementation were defined for each idea.
Step 5: The people responsible for the implementation of the ideas were chosen in the pre-design stage and weekly checks were carried out. Monitoring was done to see if the idea was being executed as initially defined, if it required modification or if it needed to be discontinued due to failed implementation or a lack of feasibility. The evaluation of the effectiveness of the implementation was carried out using the form from Annex D. The final result of this evaluation showed that 61% of the ideas were able to be implemented over the course of the project. The index of the first 20 weeks corresponds to the structural work stage and the index of the subsequent weeks corresponds to the finishings (see Graph 1). 
Discussion and Conclusions
One of the key aspects in the innovation process is working in a team with highly divergent (diversity of opinions and ideas) initial stages. Both convergent and divergent thinking are relevant and are developed repeatedly in the process because both are necessary in order to produce innovative solutions. Likewise, self-confidence, creativity, a sense of purpose, teamwork skills and the level of adhesion to the solution will grow in the participants. All of these characteristics, developed using a methodological solution for the generation of C&DW management plans, were seen in the project's participants.
During the implementation and execution of the ideas, 3 steps were observed that strongly stood out in the results. The first, called the Initial Step, is where the team starts to get to know the ideas in practice. Here the first difficulties arise and adjustments are made to achieve implementation. The percentage of implementation is low but improvements are visible in the project with respect to the initial situation without the C&DW management plan. Later, once the necessary adjustments have been made, the Maturity stage begins, in which a more fluid execution of the procedures by the construction professionals can be observed.
External support is necessary but not as rigorously and frequently as in the first stage. Next, after some time has passed and the project begins its most critical phase, the volume of production increases and setbacks occur. It is now when the third stage, Abandonment, can be clearly observed. The vast majority of ideas that have been implemented are left to one side due to pressures from the project. The management of waste ceases to be important and all effort is put into trying to finish the project on time.
Despite the abandonment of the C&DW management plan, the project team was available and willing to participate in the proposed methodology. Also, through training programs, awareness was raised among the workers. Although it was not measurable, in practice there was a noticeable change in the workers' behavior, such as when they came up with new ideas and reused materials.
In order to achieve the aims of a C&DW management plan, it is important to have a team leader to coordinate and watch over the project. Otherwise, although not as important as issues like the cost, deadline and quality, it may lead to lack of motivation and quick abandonment of the plan. This is perhaps especially true due to the fact that a C&DW management plan is a new activity in the project and is new to the workers.
The creation of a C&DW management plan introduces a new element to project planning. Clear guidelines must be produced that involve the key participants of the project to make it participative and social and raise awareness of the problems with C&DW. The plan also provides a tool to ensure its implementation via an indicator that helps the administration to monitor the project and subsequently make decisions.
It is recommended that for future phases a C&DW management plan should be designed which integrates the different areas of construction projects to measure its effectiveness and generate a culture of waste management that ensures the project never reaches the abandonment phase.
